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® Poly(arylene sulfide) composition liaving strengths and methods. 



(g) A poly(arylene sulfide)/polyamide composition having improved impact strength is provided by the employ- 
ment of a sufficient amount of a polyolefin elastomer and a carboxylic acid anhydride. 
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Background of the Invention 



Field of the Invention 



mefh?! nTorr* '° Poly(arylene sulfide) compositions having improved impact strengths 

methods of preparing the compositions and molded products formed from the compositons. 

Description of the Prior Art 

Poly(arytene sulfide) resin compositions have achieved wide acceptance as thermoplastic materials 
having excellent chem.cal. heat and electrical insulation resistance as well as superior rigidity Impa edt 
other thermoplastic materials. In some applications, however, impact resistances higher thanThose here 
tofore achievable by poly(arylene sulfide) compositions are required. For example, high impSt reitences 
intake manifolds and other under-the-hood mechanical components canons, e.g.. 

tions^'havrbeen'om^'.'S for improving the mechanical properties of poly(arylene sulfide) resin composi- 
toons have been proposed which have achieved varying degrees of success. For example reinforcement 
matenals such as glass fibers and coupling agents have been incorporated in the resin commons to 
irnprove impact strengths and other properties. In addition, some blends of poly(arylene sXe) and 
po yamide have been made in an attempt to obtain a blend of the beneficial characteritSs o^he SSiidua^ 
' *° "^'^"^^ which are sufficiently comS b e to 

hLin H ? H T ^f^""^^ ^^^'^^'^'^ ^ ^^"9^ °* applications. One example where it has 

been difficult involves forming blends of PAS and polyamides. 

An object of the present invention is to provide poly(arylene sulfide)/polyamide blends which have 

h«„il"°*'^' °^!^^ °^ *° P'°^'^® POly(arylene sulfide)/polyamide compositions 

having improved impact strengths and methods of producing such compositions. compositions 

A further object of the present invention is the provision of molded products formed of oolvfarvlene 
sulfide) compositions having improved impact strengths Poly(arylene 

thoserkm«d"fn^!;ir!!.°''^^''''' advantages of the present invention will be readily apparent to 

those skilled .n the art upon a reading of the description of preferred embodiments which follows. 

Summary of the Invention 

« Jl^'^^''^ ""'^ P'^'^"* ^ poly(arylene sulfide) composition is provided comprising (1) 

L Tn.?t T ""^T °' ^ ^'^"^ °* ^ poly(arylene sulfide) resin and a polyamide reJ^^ an? 2 

nolZfilf ""T"?^ °' ^" '"^P^^ ^^^"9**^ ""P™^«^ '^^"'""S from ie combh^ion o a 

polyolefin elastomer and at least one carboxylic acid anhydride 

„«i ■^^"""Pfs't'o^s are each basically comprised of a poly(arylene sulfide) resin, a polyamide resin a 
^'^^tomer and a carboxylic anhydride. Preferred poly(arylene sulfide) resins ^ poTylpheryrene 
sulfide) resins and poly(phenylene sulfide/sulfone) resins. Preferred polyamide resfns are poly 
Srprne 'uSr^^^^^^ polyoaprolactum. Preferred polyotefin elastome'are Shy'ene- 

propylene rubber and ethylene-propylene terpolymer. and preferred carboxylic anhydrides are maleic 
45 anhydnde. nadic anhydride and derivatives thereof. annyanaes are maleic 

The compositions are prepared by combining a poly(arylene sulfide) resin, polyamide resin a polyolefin 

raromol^hed'h ^"T"''' '° " '"''""^^ "^"^^ -''^"^ - "^^'t blended. TOs can 

t^e hinheS mfr ' ^'"^ """^"'^ ^''^^^'^ ^' ^ temperature above the melting point of 

the highest melting resin in the resin matrix. The term "resin matrix" is used herein to define the 
comnr;r °^ P°'V(arylene sulfide) resin and the polyamide resin. Molded pro^uc s fSmedTf the 

compositions have improved impact strengths ^uv.io lurrnea ot ine 

ss Detailed Descrip tion 

The poly(arylene sulfide) compositions having improved impact strengths of this invention are each 
compnsed of at least one poly(arylene sulfide) resin, at least one polyamide resin, at least one pofyolefm 
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elastomer and at least one carboxylic anhydride. The compositions can optionally contain reinforcement 
materials as well as other additives such as plasticizers, pigments, mold release agents, anti-oxidants, etc. 

The Poly(arylene sulfide) Resins 

5 

The term "poly(arylene sulfide) resin", also PAS. is used herein to broadly designate arylene sulfide 
polymers whether homopolymers. copolymers, terpolymers, and the like, or a blend of such polymers. 
Poly(arylene sulfide) resins which are suitable for use in accordance with the present invention are those 
described in United States Patents Nos. 3.354.129 issued November 21. 1967; 4.415.729 issued November 
w 15. 1983; 4.588.789 issued May 13. 1986; 3.919,177 issued November 11. 1975; 4,038.261 issued July 26. 
1977; and 4.656,231 issued April 7, 1987, which patents are incorporated herein by reference. Of the 
various poly(arylene sulfide) resins which can be utilized, poly(phenylene sulfide) resins and poly(phenylene 
sulfide/sulfone) resins are most preferred. The preferred commercially available poly(phenylene sulfide) 
resins are those manufactured by Phillips Petroleum Company of Bartlesville. Oklahoma, and marketed as 
IS RYTON® poly(phenylene sulfide) resins having flow rates in the range of from about 0.1 to about 500 
grams per 10 minutes as determined by ASTM D1238, procedure B, condition 315/5.0. 

Poly(phenylene sulfide/sulfone) resins are specifically described in United States Patent No. 4.016,145 
issued April 5. 1977 and United States Patent No. 4.127.713 issued November 28. 1978, which patents are 
incorporated herein by reference. The preferred commercially available poly(phenylene sulfide/sulfone) 
20 resins are those manufactured by Phillips Petroleum Company and marketed as RYTON® S poly- 
(phenylene sulfide/sulfone) resins having flow rates in the range of from about 0.1 to about 500 grams per 
10 minutes as determined by ASTM D1238. procedure B. condition 343/5.0. 

Particularly beneficial effects have been noted when the poly(phenylene sulfide) resin is one which 
contains alkali metal or polyvalent metal cations as a result of having been washed with a solution of alkali 
25 metal or polyvalent metal ions. 

As a general rule, the poly(arylene sulfide) resin is one which results from a polymerization phase and a 
recovery phase, and optionally a washing phase which follows the recovery phase. In the polymerization 
phase polyhalo-substituted aromatic compounds are reacted with sulfur-containing reactants in a polar 
organic solvent to produce the resin. By way of a representative example, the polymer can be prepared by 
30 reacting an approximately 50% by weight sodium hydroxide aqueous solution with an approximately 60% 
by weight NaSH aqueous solution to produce an aqueous sodium sulfide solution. A quantity of N-methyl-2- 
pyrrolldone (NMP) is added to the aqueous sodium sulfide solution and the resulting solution is dehydrated 
in a known manner to produce the following solution: 

35 (Na2S*NMP*H20) + 2NMP 

To this solution, a suitable modifier or phase transfer agent can be added. In a particularly preferred 
embodiment about 0.3 moles of sodium acetate per mole of Na2S is added to produce a reaction mixture to 
which a suitable amount of dichlorobenzene (preferably para-dichlorobenzene) is added. The resulting 
reaction mixture is polymerized preferably by two sequential heating cycles to produce a reaction mixture 
containing poly(para-phenylene sulfide) resin, a PPS resin. 

It is currently believed that the use of the two sequential heating cycles produces an apparent increase 
in the linear molecular weight of the PPS produced from the aforementioned polymerization. 

In a preferred embodiment the first of the two heating cycles is at a first temperature, and the second 
cycle is at a higher temperature. The second, higher temperature cycle is performed immediately after 
completion of the lower temperature cycle. During the lower temperature cycle, the reaction mixture is 
heated to a temperature within the range of from about 400* F to about 460* F for a time period within the 
range of about 1^ hour to about 6 hours. More preferably, this heating is at a temperature within the range of 
from about 400 F to about 440 *F for a time period within the range of from about 3 hours to about 4 
hours, and even more preferably the heating occurs at about 440 *F for about 4 hours. In a preferred 
embodiment the higher temperature cycle is performed so that the reaction mixture Is heated to a 
temperature within the range of from about 500* F to about 520* F for a time period within the range of from 
about 1 hour to about 4 hours. More preferably, the heating during the higher temperature cycle is 
performed at a temperature of about 510* F for about 3 hours. After the performance of these two heating 
cycles, the reaction mixture contains liquid high molecular weight, linear PPS dispersed in NMP. 

After the polymerization it is desirable to recover the high molecular weight linear poly(arylene sulfide) 
resin in a solidified form for ease in removing any by-products. Also, it is the solidified form of the PAS 
which is typically used in producing articles of manufacture, such as in this case the blends of the present 
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Zl'!!nl ^''.^^^^"^^^ °f PAS from the polymerization mixture can be performed by any suitable 
techn.que wh,ch does not degrade the polymer. Currently three techniques are preferred 

obserlS by he ^e of thTm ' eTdTf^^^ ""P^ovements in impact strength which ha've been 

The Polyamides 
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where each R is independently selected fronri alkylene radical having 1 to about 30 carbons, or cycloal- 
kylene or arylene radicals having about 3 to about 30 carbon atonns. Some specific examples of'polyamides 
include poly(hexamethylenediamine-co-adipic acid), sometimes also referred to as nyIon-6.6; polycaprolac- 
tom, also sometimes referred to as nylon-6: poly(tetramethylenedlamine co-adipic acid), also known as 

5 nylon-4,6; poly(hexamethylenediamine-co-dodecanedioc acid), also known as nylon-6,12; polyprrolidinone. 
also known as nylon-4; poly(w-enantholactam). also known as nylon-7;. poly(capryllactam), also known as 
nylon-8; poly(w-aminoundecanoic acid), also known as nylon-11, poly(w-dodecanolactam), also known as 
nylon-12; poly(tetramethylenediamine-co-oxalic acid), also known as nylon-4.2; poly(hexamethylenediamine- 
co-terephthalic acid, also known as nylon-6,T; poly(tetramethylenediamine-co-isophthalic acid, also known 

10 as nylon 4, I; poly{5-methylnonamethylenediamine-co-terephthalic acid), poly(p-phenylenediamine-co- 
terephthalic acid), and poly(5-methylnonmethylenediamine/2.4-dimethyloctamethy!ene diamine/2.4,6- 
trimethyl heptamethylenediamine-co-terephthalic acid). poly[2,2-bis(4-aminocyclohexylpropane/az0lamide- 
co-adipamide). also known as Nylon PACP 9,6. such as disclosed in U.S. Patent No. 4.292,416- and the 
like. 

15 Polyamides which are preferred for use in the present invention include those conventional and well- 
known nylon and polyamide resins having recurring amide groups as integral parts of a molecular chain 
structure characterized by amide links and hydrocarbon links along the chain. Typical of these polyamides 
is the product commercially known as nylon 6 which is obtained by the polymerization of caprolactam. 
Another typical polyamide is that obtained by the condensation of a dibasic acid (e.g. adipic acid, sebacic 

20 acid, terephthalic acid) and a diamine (e.g. hexamethylenediamine, 1,12-dodecane diamine). High crystal- 
linity (40-60%) can be obtained with nylon-6,6. -6,10, and -6 whose regular structures permit good chain 
alignment and a high degree of hydrogen bonding. 

Especially suitable in the present invention are those polyamides prepared from adipic acid and 
hexamethylenediamine. This produces po(y(hexamethylenediamine-co-adipic acid) commercially known as 

25 nylon 6.6. Typically, nylon-6,6 polymer has a number-average molecular weight of 12.000-20.000. The 
viscosity of linear nylon melts is a function of molecular weights and in the Newtonian Sheer-rate region 
(shear stresses less than about 30 KPa). melt viscosities lie in the range of 40-1000 Pa's (400-10,000 P). 

The Polyolefin Elastome rs 

30 

A variety of polyolefin elastomers In addition to ethylene-propylene rubber and ethylene-propylene 
terpolymer (referred to by the abbreviations EPR and EPDM) can be utilized in accordance with the present 
invention. Generally such elastomers are homopolymers or copolymers derived from alpha-olefins such as 
ethylene, propylene, butene. isobutene. pentene, methylpentene. hexene, etc. Ethylene-propylene rubber 

35 and ethylene-propylene terpolymer are preferred for use in accordance with this invention with ethylene- 
propylene terpolymer being the most preferred. 

The term ethylene-propylene terpolymer (EPDM) refers to copolymer of ethylene, propylene and at 
least one non-conjugated diene. The preferred non-conjugated dienes used in making the EPDM are linear 
aliphatic dienes of at least six carbon atoms which have one terminal bond and one Internal double bond 

40 and cyclic dienes wherein one or both of the carbon-to-carbon double bonds are part of a carboxylic ring. 
Elastomeric, i.e. rubbery terpolymer of ethylene, propylene, and 1 ,4-hexadiene are particularly preferred. 
Details for the preparation of such EPDM elastomers is disclosed in U.S. Patent Nos. 2,933,480; 2.962.451; 
3.000.866; 3.093.620; and 3.260.708, the disclosures of which are incorporated herein by reference.' 

45 The Unsaturated Anhydrides 

Carboxylic anhydrides which can be used are those having both a double bond and an anhydride 
group. Such compounds include compounds such as maleic anhydride, itaconic anhydride, chloromaleic 
anhydride, citracinic anhydride, butenyl-succinic anhydride, tetrahydrophthalic anhydride, and nadic anhy- 
50 dride. Derivatives of the foregoing compounds are also suitable, for example, the methyl nadic anhydride 
derivative of nadic anhydride. 

The compositions of the present invention can optionally include reinforcement material, e.g.. glass, 
carbon or aramid fibers or the like. Glass reinforcement material Is preferred with glass fibers being the 
most preferred. The reinforcement material can be included in the above described compositions In 
55 amounts generally up to about 70% by weight, more typically from 0% to about 60% by weight. The term 
"% by weight" used here refers to the weight percent of one component in a composition based on the 
total weight of all of the components in the composition. 

The weight ratio of the polyarylene sulfide resin to the polyamide in the resin matrix can vary over a 
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TrlnlM T' L T^"" °' PO'yarylene sulfide resin decreases the effect of the 

ZZTl ^ir^""""^' decreases. Generally, therefore, this invention is most advantageous where the 
^Tc!f Z PA?? T""? ^ "^'^'^ percent of the resin matrix. A repres entative weight 

Z 1? r K Ln' "^'9'' °' polyarylene sulfide to the polyamide is in 

weia^tio ofthe PAS ? ^'^'•^"'"'^ "9"'"^* improvements have been obtained when the 

weight ratio of the PAS to the polyamide was greater than 50:50. i.e. 70 30 or higher 

^moIHr • °* elastomer employed in the present invention can vary over a wide range. Any 

,0 sTi A."; '=7''rr ^'^'^'^^ ^ '""P^"^' ^^«"9t^ improvement would be 

10 su.tab e. As a general rule the polyolefin would be used in an amount equal to about 3 to about 70 more 
typically about 10 to about 50 weight percent based on the weight of the resin matrix 

wide^ Tvrr!ll°'r'^*"KT^ ^'^''^ ^"^^'^"^^ P^«««"' '"^«"«°" also vary 

^Ivonnlr .1"^^ ''^ ^"^"""^ t° '"^P^o^e the impact strength 

,s aZnrV ^''^'^^'^^I^^'k been used without L 
?0 wf ^ht T H ^ anhydrides should be used in an amount in the range of about 0.001 to aboi^ 

IL jTiTT: fn °" "'^'^'^ °' "^yP'-^^''^ of anhydride in the range o1 

aboirt 0.1 to about 10. more preferably about 0.1 to about 5 weight percent would be employed where the 
weight percent is based upon the weight of the resin matrix. 

A particularly preferred composition of the present invention is comprised of a resin matrix containino a 

" ^^n^'s^ZJ^r'^r'" '''^^ "^^^ ^^^-^ -^^'^"^ °^ pojhenylene sulLer^d a 

turnr?iT If °' Poly(hexamethylemediamine-co-adipic acid) and polycaprolac- 

um present in a weight ratio greater than 50/50. i.e. from about 60:40 to about 99:1. The compos^tfon 

Ind ir'"" '^'^'''^ 9roup consisting of ethylene-propytene mbber 

2s o2Ln^ Lnr''°''^r "'^"^"^ ^ fr^'" ^bout 10 to about 30 weight 

a^vdrLrL H "^'^^^ ^'^"^ 9roup consisting of maleic anhydride. naSic 

n^~„? h P^«s«"t in an amount in the range of from about 0.05 to about 2 weigM 

maS r !t h r^'* percentages are based on the weight of the resin matrix. If reinforcemen 
ZT:1~.;".X^^^^ " --PO^'«- an amount 

.tr^Jo^th ""k^* P'-e^frred POly(arylene sulfide) composition of the present invention having improved impact 

fSiethv.^" r ^ " 'T"^''^^ °' ' "^^^^'^ Poly{phenylene sulfide) resin and X- 

(hexamethylenediamine-co-ad,p.c acid) present in a ratio from about 70:30 to about 90:10. The composition 

oTrts'LndZ;;r t'^^^^-P^^Py-- ^^^y-^ present in an amount from about 10 parts to abouTsS 
parts and maleic anhydride present in an amount from about 0.1 parts to 1 .0 parts, where the resin matrix is 
35 present in an amount of about 100 parts in the composition. nere ine resin matrix is 

■ ninrjl!,,'"^"^"®'^ above the compositions can include other additives including, but not limited to 
hTd" .reSr . '"^'^'"^^ ^^^-^'^"^ ™9 -h ?s 

onmL?„°nT°^'*'T/°^*^'^ '^"'^ improved impact strength when molded is prepared by 

combining the poly(arylene sulfide) resin with the polyamide resin, the polyolefin elastomer, and carboxyHc 
anhydride to form a mixture thereof. The poly(arylene sulfide) resin is pLerably dried prior to use in a 
IboJshourr ' '•^^ °' ^'""^ -bout 100-C to about 146-C for a time pertod o^ 

exar!S^h^!f'"^ ""^^T^^ of combining the components are well known to those skilled in the art. For 
fZ^? components can be mixed together at room temperature in a rotating drum blender, or in an 
intensive mixer such as a Henschel mixer, to form a homogeneous mixture of the components T^e 
homogeneous mixture is then melt blended by heating the mixture to a temperature preferab^ above ihe 
A o^JZl suable '^T " ^ ^^''^^^^'^^ the mixture' to further blending 

^ temn^lL ?K T °' ""^'^ '"^"^''^ *° P^^= "^'^"'^ through an extruder at 

TntHtS s^eits orT r T"^ ^ '° ^'^^ "=a" P«'^«-«d - formed 

nSrtn n ^^P^s .^^ereby .t can best be used for forming molded products therefrom. e.g.. by 

injection molding, press molding, etc. ^ ^ 

ThP^rn!??'''"^ example is presented to further illustrate the compositions and methods of the invention 
The particular spec.es and conditions employed In the example are Intended to be illustrative of the 
55 invention and not limiting thereto. muducauve or me 
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Various compositions of the present invention were prepared using Phillips Petroleum Company 
RYTON® poly(phenylene sulfide) resins having flow rates of 55 grams per 10 minutes and 66 grams per 10 
minutes, respectively. The other components utilized in the compositions were poly(hexamethylenediamine- 
co-adipic acid), (Zytel 101 from DuPont), ethylene-propylene terpolymer, (Nordel 5501 obtained from R.T. 
Vanderbilt Company. Inc. of Norwalk. Connecticut), and maleic anhydride. 

The poly(phenylene sulfide) resins were dried in a forced air oven at about lao'C for about 4 hours 
before mixing. The dry components were tumble blended in plastic bags followed by melt blending in a 
30mm corotating Werner- Pfleiderer twin screw extruder with an open vent and pelletizer at from about 
310 'C to about 320* C. The pellets produced were molded in an Arburg 305 ECO or ENGEL injection 
molding machine using a barrel temperature of about 316* C and a mold temperature of 38* C. Test 
specimens formed of the compositions were tested for Izod impact strength as determined by ASTM D-256 
for both notched and unnotched specimens. The results of these tests are shown in Table I below. 
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Table I 
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Component, parts 



Compos It Ion 
D E 



25 



PPS 10 10 50 50 70 

Zytel 101 (Nylon) 90 90 50 50 30 



70 
30 



90 
10 



90 
10 



30 



Nordel 5501 
Kaleic anhydride 



25 
0.5 



25 
0.5 



25 
0.5 



25 
0.5 



MECHANICAL PROPERTIES 
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Izod Impact Strength 






















(ft-lb/in) 




















40 


Notched-unannealed 


0.54 


0.55 


0. 


25 


0.43 


0.18 


0.75 


0.26 


1.73 




-annealed 


not 


tested 


0. 


29 


0.39 


0.25 


0.53 


0.23 


0.75 




Unnotched-unannealed 


11.8 


7.98 


6. 


18 


6.59 


6.56 


10,63 


8.97 


NB 


45 


-annealed 


not 


tested 


1. 


98 


1.9 


4.87 


9.74 


7.85 


15.77 



50 



*PPS - is calcium washed and NMP quenched, polyCphenylene sulfide) resin. 
Compositions A and B used PPS having a flow rate of about 55. The remaining 
compositions used PPS having a flow rate of about 66. 



55 From Table I it can be seen that the compositions ot this invention containing ethylene-propylene 
terpolymer elastomer and maleic anhydride exhibited significantly improved impact strengths as the the 
level of washed PPS increased in the PPS/Nylon resin matrix. The level of improvement is particularly 
noticeable in runs F and H. Even at a PPS to polyamide weight ratio of 50/50 some improvement in impact 
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strength was provided by the EPDM maleic anhydride combination. 
Claims 
1. 



1^1 T f"!'?^^ composition comprising (1) a resin matrix consisting essentially of a blend of a 
imlii^lr^ 1 ^ ^"'^ ^ ^"'^ <2) an impact strength improving amount of an 

LTwlT^ 1 .mprover resulting from a combination of a polyolefin elastor^er and at least one 
unsaturated carboxylic acid anhydride. 



70 2- A 



IZZT ^"^T!"^ '° ^^'9^* '««° °^ poly(arylene sulfide) resin to the 

ml nlrt T'" K T ''"'''•^"'"^ °' -bout 50:50 to about 99.9:0 1 

Z!t /Sa °* poly(arylene sulfide) resin to the polyamide resin is at leasi 

" ^ lTof°abl"t *° -^'-"^ 2. wherein the polyolefin elastomer is present in an amount in the 

Imflt niL K ° ^""^ ^''^ unsaturated carboxylic acid anhydride is present in an 

•s orecln^ ^ /^"'^ ^^T. ° *° "'^"^ ^^^'^"'^^ -herein the polyolefin elastomer 

Ln amountTn th " "I °' '° ^''^^^ ^° ^"►^ydSde is present in 

.0 ^f the resin mr4""'' °' *° ^"^^^^ ^ ^^''^ ^^^^^es being based on tSe weight 

4. A composition according to claim 3. wherein said poly(arylene sulfide) is poly(phenylene sulfide) and 
said polyam.de .s selected from poly(hexamethylenediamine-co-adipic acid^ and ilySprolacfam^ 
particular wherem sa.d polyamide consists essentially of poly(hexamethy,enediamine-co-ad%ic add) 

terpohJmef °" *° "^'^^ «*y'«"« P^°Py'«"e diene 

L^r^TTj^iZy !° ^^^^"^^ '^^"^ -^-'^'^ anhydride and 

nadic anhydnde. .n particular wherein said anhydride consists essentially of maleic anhydride 

^' toZS't^^^nr^Tl *° ' H '"'^ Poly(phenylene sulfide) is prepared by washing with a 

conS ino o1 mln^ ^- ' P^'^^^'^"* the group 

consisting of magnesium, calcium and zinc, in particular wherein said poly(phehylene sulfide) is 
35 prepared by washing with a solution of calcium acetate. poiy^pnenyiene sulfide) is 

8. A composifion according to claim 7, wherein the polyolefin elastomer is present in an amount in the 

Tout 0 I'to'about 5 '"^V". ""r"" ^""^y^"^^ P^--* - arr^ounnnTe ange Of 

maWx ^'^ • ^^"^ "'^^^ percentages being based upon the weight of said resin 



25 

5. 
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9. 



A molded product formed from the composition of one of the preceding claims. 
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